Combined with the spatial data processing capability of geographic 10 information systems (GIS), a three-dimensional (3D) landslide surge height calculation 11 method is proposed based on grid column units. First, the data related to the landslide 12 are rasterized to form grid columns, and a force analysis model of 3D landslides is 13 established. Combining the vertical strip method with Newton's laws of motion, 14 dynamic equilibrium equations are established to solve for the surge height. Moreover, 15 a 3D landslide surge height calculation expansion module is developed in the GIS 16 environment, and the results are compared with those of the two-dimensional Pan 17 Jiazheng method. Comparisons show that the maximum surge height obtained by the 18
3 column unit model to establish a 3D landslide model, and proposes a method for 68 calculating the waves height. Compared with 2D analysis methods, the 3D method 69 proposed in this paper better represents the actual spatial state of landslides. 70 Simultaneously, the resistance of the water is considered to improve the accuracy of the 71 calculation result. To make the calculation more convenient, an expansion module is 72 developed to calculate the waves height in GIS, and the feasibility of the module is 73 verified by a case study. 74 2. GIS-based method of calculating the waves height 75 2.1. Grid column unit model 76 For a slope, the representation of data is mainly in the form of vectors. These data 77 include but are not limited to slip surface, strata, groundwater, fault, slip, and other 78 types of data. These vector data layers can be converted to raster data layers using the 79 spatial analysis capabilities of GIS to form a grid data set. The grid data structure 80 consists of rectangular units. Each rectangular unit has a corresponding row and column 81 number and is assigned an attribute value that represents the grid unit (Xie et al., 2004) .
82
Therefore, the slope can be divided into square columns based on the grid units to form 83 a grid column unit model, as shown in Fig. 1 . 87 First, we arbitrarily selected a grid column in a 3D landslide body, as shown in 88 Fig. 2 . We can specify the forces acting on the grid column as follows. 89 (1) The weight of one grid column is W; the direction is the Z-axis; and the weight 90 acts at the centroid of the grid column.
Force analysis
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(2) The resultant horizontal seismic force is kW, where k is the "seismic (3) The external loads on the ground surface are represented by P; the direction of 97 P is the Z-axis, and these external loads act at the centre of the top of the grid column.
98
(4) The normal and shear stresses on the slip surface are represented by σ and τ, 99 respectively. The normal stress is perpendicular to the slip surface, and the shear stress 
where cellsize represents the size of each grid column.
127
The apparent dip in the main inclination direction of the landslide is calculated as
The weight W of the grid column is expressed as The pore water pressure is obtained as follows (Zhang, 2016).
where D is the distance from the centre bottom of the grid column to the water surface.
139
When the sliding body enters the water, the resistance of the water is calculated as 140 follows (Chow, 1979) .
where G is the resultant force of the resistance of the water to the sliding body; cw is the To facilitate subsequent calculations, the XOY coordinate system was converted to 150 an X´CY´ coordinate system. The X´-axis direction was defined as the sliding direction 
The simultaneous Eqs. (10) and (11) can be obtained as follows. The steps in calculating the landslide sliding velocity are as follows.
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(1) Using the spatial analysis capability of GIS, the landslide body is rasterized, zone n is less than or equal to ΔL, as shown in Fig. 6 . For a grid column unit that is not 218 completely contained within a partition, if the area within the partition is greater than 219 half of the total area, the unit is divided into that partition; otherwise, the unit is divided 220 into the next partition.
221
(2) For each grid column unit, the parameters required in Eq. (15) are calculated.
222
(3) t0 is the starting point of when the landslide body begins to slide, and t0=0. 10 landslide, the corresponding time is recorded as t1，t2，t3…tn, and the corresponding 225 velocity is expressed as vx1, vx2, vx3…vxn. 226 (4)The horizontal acceleration at t0 can be calculated by Eq. (15) and is denoted 227 as ax0, and the velocity at time t0 is zero. After sliding distance ΔL is reached, the 228 following equations can be obtained. horizontal acceleration ax1 at t1 is still calculated by Eq. (15). Unlike t0, the weight for 234 zone (n-1) changes to the weight for zone n, and the weight for zone (n-2) becomes the 235 weight for zone (n-1), and so on (at this time, there is no grid column for zone n). After 236 ax1 is calculated, the following can be established. The formula for calculating the waves height at different distances from the 253 landslide body is as follows. where  is the waves height at a distance of L metres from the landslide body (m); n is 256 the calculation coefficient, which is 1.4; and d1 is the influence coefficient related to 257 distance L, which is determined by the following formula. 
Calculation of the sliding velocity 277
The unit size of a grid column is 5 m×5 m, and ΔL = 10 m. The internal friction 278 angle φ at the slip surface is 22.8°, the natural unit weight is 18.84 kN/m 3 , the buoyant 279 unit weight is 19.43 kN/m 3 , the buoyant density is 2.11×10 6 g/m 3 , and the elevation of 280 the reservoir water level is 1810.3 m. When the landslide body slides, the effective 281 cohesion c at the slip surface will decrease to 0, that is, c=0 (Pan, 1980) . Using this Fig. 10 and Fig. 11, respectively The calculation results indicate that the maximum velocity obtained by the 287 proposed method is 11.21 m/s, the starting acceleration is 1.25 m/s 2 , and the sliding 288 time required to reach the maximum velocity is 8.67 s. In comparison, the maximum 289 velocity obtained by the Pan Jiazheng method is 9.51 m/s, the starting acceleration is 290 0.84 m/s 2 , and the sliding time required to reach the maximum velocity is 9.73 s.
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Comparing the results of the proposed method with those of the Pan Jiazheng 292 method, the maximum velocity of the proposed method is 15.2% higher than that 293 calculated by the Pan Jiazheng method, the starting acceleration is 32.8% higher, and 294 the sliding time required to reach the maximum velocity is 1.06 s short. 
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